ABSTRACT: Survival response of Sarotheron melanotheron fingerlings to various concentration levels of perfkthion was studied under laboratory condition using five concentration levels, 0.0mg/l, 0.7mg/l, 1.4mg/l, 2.8mg/l, 5.5mg/l and 11.2mg/l. Mortality increased with increase in concentration level and exposure time. Ten percent mortality was observed in the control (0mg/l), 3% mortality was recorded after 12 hours and 7% at the end of 36 hours. At the lowest concentration of 0.7mg/l, 27% mortality occurred after 12 hours and 30% mortality occurred after 24 hours. At the 48th hour, the rate increased to 37%, 47% after 72 hours and afterwards no further death was observed till the end of the experiment. At 1.4mg/l, 20% mortality occurred after 12 hours, this increased to 37% after 24 hours, 43% after 36 hours, 53% after 60 hours, 63% after 72 hours, 73% after 84 and 77% after 96 hours. Mortalities occurred in concentration level 2.8mg/l at the rate of 7% after 12 hours, 13% after 24 hours, 20% after 36 hours and 7% mortality after 48 hours. This increased to 43% after 60 hours and remained at 47% mortality from the 72 nd hour till the end of experiment. At concentration level 5.6mg/l, mortality was 43% within 12 hours, this increased to 47% after 24 hours and 50% at the end of the 36 th hour. No further mortality occurred till the 60 th hour when 60% was observed. This continued to 63% after 84 hours and 67% at the end of the toxicity test. At concentration level 11.2mg/l, mortality was 43% at the 12 th hour. It increased to 70% at the 48 th hour and 97% at the 96 hour. There was significant effect of perfekthion on S. melanotheron fingerlings. There was delayed mortality at concentration 2.8mg/l. LC50 was not reached within 12 hours. As exposure time increased, LC50 reduced. The median Lethal Time (LT50) values for concentration levels, 1.4mg/l, 2.8mg/l, 5.6mg/l and 11.2mg/l was 57.85 hours, 91.52 hours, 48.35 hours and 27.61 hours respectively. LT50 increased with decrease in concentration level with the least value (27.61) at the highest concentration of 11.2 mg/l as compared to 57.85 hours at 1.4mg/l. The safe concentration of perfekthion organophosphate insecticide was 0.119mg/l. There were strong positive correlations between concentrations(r = 0.9982 -r = 0.9999). The correlation of pH with total alkalinity was r = 0.9379, total hardness with salinity (r = 0.6705). Weak positive correlations occurred for pH and temperature (r = 0.3516), temperature and TA (r = 0.2572) and; temperature and TH (r = 0.0419). Negative correlations occurred for pH and DO (r =-0.0604), pH and TH (r = -0.7524), pH and salinity (r = -0.6369) and Do with salinity (r = -0.1759). Strong positive correlation existed between mortality and TH (r = 0.7795) and between mortality and salinity (r = 0.8062). Negative correlation existed between mortality and pH, TA (r =-0.7681, r = -0.7977) and in mortality with DO and temperature (r = -0.4479 and r = -0.2288). @ JASEM
Fishery resources are important sources of dietary proteins in most coastal communities in Nigeria and the world at large. This may the reason human populations have settled close to natural waters which; offer man's greatest hope for food and material supplies. However owing to efforts towards speedy industrialization, these natural waterways are being degraded. One industry, which contributes greatly to aquatic environment degradation and polluton is the pesticide industry. Pesticides reach the aquatic environment in a variety of ways: runoffs or drainage from treated agricultural lands. Although the amounts from this source may occasionally be large, many researchers have reported seasonal increases in residues that, coincides with peak periods. Rainwater can also be contaminated from direct applications to control pests such as mosquitoes and accidentally from large-scale forest or crop spraying. Such applications are seasonal and contaminate the water for only short period (Hanzota and Kasai, 1995) Many industries use insecticides in their processes and the effluents from such factories contain large amounts of organo chloride insecticides such as deldrin, which are used in large quantities for moth-proofing by wood makers and carpet manufacturers. They are used by dry cleaners.
Some still escape into the aquatic environment. Atmospheric fallouts have been reported to be the major source of pesticide in the sea. Other sources of pesticides into the ocean include sewage effluent, which contain as much as 300ppm x 10 6 µg/l of dieldrin and 10 6 µg/l of DDT and drainage from inefficient soak away pits (Hanzota and Kasai, 1995) . Perkthion, as an organophosphate is characterized by acute exposure and is biologically active for only a few days. The effect is observed as acute poisoning when introduced at high concentration levels. As a member of carbamate family, it contains a substituted carbamic acid unit in each molecule. Its systemic action is seen as they are Tran located from the point of contact and are activated before reaching their site of action in insects (Hassal, 1990) . Therefore, they are used against a wide range of phytophagous insects including aphids, bugs, leaf miners, thrips, white flies of ornamental plants and in farm animal hygiene in the control of flies (EXTONET, 1996) . Its mode of action is AchE inhibition resulting to nerve exhaustion and nervous system failure while the respiratory muscle is the most critical muscle group affected leading to respiratory paralysis and ultimately to death. 
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Sarotheron melanotheron belongs to the family Cichlidae. Its common name is black tilapia. It is primarily estuarine, but extends to fresh and salt waters, tolerating high salinities but sensitive to temperature and very fragile. They are primarily detritivores, feeding on alga, phytoplankton and aquatic vegetation and can grow and reproduced within a pH range of 3.5-5.2. S. melanotheron is a species of Africa, from Senegal to Zaire (Trewavas, 1983) . and is differented from other tilapine species by black patch jaw or chins, slightly emerginate caudal fin and pale blue body colouration on its lower flank and becoming orange or metallic golden yellow at times with black patches (Cambell, 1987; Lee et al 1980) . Toxicity work on S. melanotheron, are rare (Davids, 1999) . Most research on the species was on feeding and growth. (Ufodike and Madu, 1986; Ufodike and Wada, 1991) . Survival of S. melanotheron fingerlings exposed to various concentration levels of perfekthion organophosphate insecticide is needed to add to knowledge of their feeding, growth and response to pollutants to establish tolerance limit for perfekthion organophosphate insecticide in brackish water bodies for management decisions in similar water bodies.
MATERIALS AND METHODS
Perfekthion, an organophosphate insecticide was used for the experiment. It was obtained from Bertram and company limited, Port Harcourt. Perfekthion is a product of BASF chemical company Germany with ® as their registered trademark and marketed by C. Zard Company limited, Lagos. It is mostly marketed as Dimethoate (400g/l), which is the common name and the active agent. It also contains cyclohexanone and xylene. Apart from Perfekthion, dimethoate has other trade names such as Rogor, Trimetion, Rogodan, Cygon 400 and Dimethoat Tech 95%. Dimethoate belongs to the Dithiophosphates Phosphorothionate main group with the IUPAC name 0, 0-dimethyl Smethyl-carbomyl-methylphosphorodithioate.
S. melanotheron fingerlings were collected from the African Regional Centre(ALUU Centre) Port Harcourt. Fresh apparently healthy fingerlings were collected with a scoop net of mesh size of 3.5mm. The fish was identified using monographs, descriptions, checklist and keys (Whitehead,1984; Gouerene and Teugel,1991; Loveque et. al, 1990) . S. melanotheron fingerlings were transported from the field in aerated natural fresh water and held in the laboratory in 15% and 28 o c charcoal-filtered, artificial brackish water. The fish were fed with feed obtained from ARAC at 3% of their body weight. The fingerlings were two weeks old and were acclimatized to these conditions for seven (7) days before testing. Prior to the actual bioassay, the test organisms were subjected to five widely spaced concentrations and a control for 24hours using the static bioassay method. The concentration with the highest survival was used for the serial dilution (FAO, 1973) .
In testing for tolerance to perfekthion organophosphate insecticide, a serial of dilution was made with brackish water of 0.25% 0 salinity. Concentrations were assessed following methods of Foster et. al, 1971 and Anderson et. al, 1974 . Perfekthion insecticide (2.5ml) was collected and diluted to 1000ml with distilled water. Five concentrations of 0.7mg/L, 1.4mg/L, 2.8mg/L, 5.6mg/L and 11.2mg/L were obtained and used. In preparing a concentration of 0.7mg/L, 0.7ml of the stock solution was taken with a pipette and made up to 1000ml (1 litre) of water. The final volume needed in each test chamber was obtained using the formula:
C 1 V 1 =C 2 V 2 Where, C 1 = concentration of stock solution (1000mg), V 1 =volume of stock solution needed for each concentration ;; C 2 = desired concentration of test solution; V 2 = final volume of water needed in test chamber (e.g. 10 liters) (EIFAC, 1983) . This was repeated to obtain other concentration levels. Eighteen 10-litre glass aquaria were used for the test fish. Ten experimental fish were introduced into each of the test aquaria. Twenty-four hours prior to the experiment, feeding was stopped and fish was starved through out toxicity test. The bioassays were conducted at room temperature of 28 0 c. The specimens were monitored initially at 15mims, 30mins, 1hour, 2hours, 4hours, 6hours, and 8hours. A 12 hourly monitoring was effected for mortality until the end of experiment. The renewal bioassays were carried out in the laboratory following the methods of Sprague, 1970; APHA,1989 and FAO, 1973. In the survival experiment, fingerlings were separately exposed for 24 hours at the end of which, the fish were retrieved, washed free of pollutants and reintroduced into pollutant free water. They were observed for another 24-hour recovery period. This process was done fore 120 hours for each treatment. The test fish were considered dead when, they laid suspended in test media ventral side upwards and failed to move at gentle prodding with a rod. No gill opercula movement observed, finally confirmed dead. Dead fish were removed immediately from test solution. From the mortality results, survival rate was extrapolated for each set of bioassay and was analyzed using methods of Litchfield and Wilcox, 1949 . A 10% mortality was corrected using the formula: Corrected mortality (%) = Observed mortality -Control mortality X 100 100 -Control mortality The corrected mortality was used in place of calculated percent mortality. Data obtained were presented as means plus or minus the standard deviation of the means (SD). The significant differences among means were Scheffe (1957) was used. Correlation was carried out on the physicochemical and biological parameters (mortality). Dose-response (Mortality) data was analysed using probit method for indices of toxicity to calculate the 50% lethal concentration (LC 50 ) after Finney (1971) . The median lethal time (MLT 50 ) was obtained by plotting a graph of percent death against time of death. Safe concentrations were calculated from 96-h LC 50 using the 0.1 application factor (EIFAC, 1983) . Mortality Figure 1 shows the percentage mortality of Sarotherodon melanotheron exposed to various levels of perfekthion. The tendency was an increase in mortality but this was not consistent as mortality halted and was even lower at the middle concentration level of 2.8mg/l. This mortality rate was lower than the relative lower concentration levels of 0.7mg/l and 1.4mg/l. However, mortality increased significantly with increase in concentration level and exposure time. Ten percent mortality was observed in the control (0mg/l), 3% mortality was recorded after 12 hours and 7% at the end of 36 hours. At the lowest concentration of 0.7mg/l, 27% mortality occurred after 12 hours and 30% mortality occurred after 24 hours. At the 48th hour, the rate increased to 37%, 47% after 72 hours and afterwards no further death was observed till the end of the experiment. At 1.4mg/l, 20% mortality occurred after 12 hours, this increased to 37% after 24 hours, 43% after 36 hours, 53% after 60 hours, 63% after 72 hours, 73% after 84 and 77% after 96 hours. Mortalities occurred in concentration level 2.8mg/l at the rate of 7% after 12 hours, 13% after 24 hours, and 20% after 36 hours and 7% mortality after 48 hours. This increased to 43% after 60 hours and remained at 47% mortality from the 72 nd hour till the end of experiment.
RESULTS

Physical and chemical parameters
At concentration level 5.6mg/l, mortality was 43% within 12 hours, this increased to 47% after 24 hours and 50% at the end of the 36 th hour. No further mortality occurred till the 60 th hour when 60% was observed. This continued to 63% after 84 hours and 67% at the end of the toxicity test. At concentration level 11.2mg/l mortality, at the end of 96 hours, mortality was 97%. At the 12 th hour, 43% was observed dead. It increased to 70% at the 48 th hour and 97% at the 96 hour. There was significant effect of perfekthion on S. melanotheron fingerlings (P< 0.05) although there was delayed mortality at concentration 2.8mg/l. (Table 2) . Table 3 . Generally, the relationship revealed positive, negative, strong and/or weak correlations. There were strong positive correlations between concentrations levels(r = 0.9982 -r = 0.9999). The correlation of pH with total alkalinity was r = 0.9379, total hardness with 
DISCUSSION
The results from the study showed that water quality was within recommended limits. Variations that occurred within the parameters were within the tolerable ranges throughout the acclimation, range finding and the actual bioassay test. Temperature varied at ±1 0 c, which is within the recommended ranges of ±1-3 0 C (FAO, 1973). The recommended limit of dissolved oxygen (DO) for fish is 5mg/l (FAO, 1973) , but conversely, Alabaster and Lloyd (1980) recommended a range of 2mg/l -7mg/l. The range of DO was within the tolerable limits (Campbell, 1987) . FEPA (1991) recommended 6 -9 unit range for pH. Bennet (1973) stipulated a range of 5.5 -10 for tropical fishes. Total alkalinity showed a positive index of potential productivity for the waters at 51.93 -55.90 for brackish water species (Umeham, 1989; U.S. EPA, 1986) . The high value of total hardness obtained could be attributed to the total solids and nutrient enrichment of the estuarine ecosystem (Wooton, 1992) . Dissolved oxygen levels reduced at day and this could be attributed to the respiratory activities of the fish. The values of the water quality of the test waters indicated that perfekthion pesticide did not adversely affect the water quality. Mortality recorded was probably due to direct effect of Perfekthion on the fish. Mortality rates increased progressively but delayed mortality was observed. This indicated that the pesticide could induce a toxicity trend that could delay mortality. This trend was also observed by, Tjeerdema (2005) in his work on Chinook salmon smolts exposed to water Accommodating Fraction of crude. A mean survival of 0.58% at a concentration of 0.39g/l and 0.835 at a relatively higher concentration of 0.78g/l was reported. Nevertheless, towards the highest concentration levels, mortality rates increased with the peak at the highest concentration levels. This was in conformity with the findings of several other authors (Wade et al., 2002; Omoregie et al., 1990; Annune and Ajike, 1999; Aguigwo, 2002; Okoli-Annuobi et al., 2002) and this followed the rule in classical toxicology. The frequency of toxic effects of many toxic substance declines with decline in dosage (Feliciano, 1980) . Although, 10% mortality was recorded, not more than 10% mortality is pemitted in toxicity tests (FAO, 1973) . The LC 50 values obtained for S. melanotheron exposed to perfekthion organophosphate insecticide was relatively high compared to other types of pesticides and this could be attributed to the fact that perfekthion is not very toxic. Dimethoate generally, has a short half-life of 4-7 days. This may explain why percentage mortality ratio per 12 hours reduced after 24 -48 hours (Hassal, 1990 ).
Many authors have carried out several toxicity tests using other pesticides. Ita (1993) documented 96-h LC 50 of lindane for different species. He reported 0.016, 0.08, 0.27 and 0.002 mg/l for lindaneexposed Lepomis macrochirus (Bluegill), Salmon, Carassius auratus (Gold fish) and Salmo gairdneri (Rainbow trout) respectively. These values are low compared to dimethoate (Perfekthion). Melnikov et al. (1977) , reported a 96-h LC 50 of dimethoate in mg/l for rainbow trout as 8.5 and EXTONET (1996) reported 6.2 for the same rainbow trout and 6.0 for blue gill. Rainbow trout and blue gill were exposed to some types of carbamate pesticide (Carbamates have the same mode of action with organophosphates, e.g. perfekthion) and lower values were reported. Yoshida and Nishiuchi (1972) and Nishiuchi (1974) reported values of 0.05mg/l and 0.56mg/l of aldicarb carbamate and 0.85 mg/l and 0.17mg/l of benomyl for the respective species. These values compared to perfekthion showed that perfekthion is safer for use as per safe concentrations in nature. S. melanotheron fingerlings recovered after the experiment. This could be attributed firstly, to the dephosphorylation process that set in as treatment ceased (Reiner, 1971) . Gallo and Lawryk (1991) confirmed this in dimethoate treated cows at 30mg/kg. After treatment, levels of 0.02ppm was detected in the blood and milk and this level reduced to 0.01ppm after 9 hours which confirmed that this pesticide could be excreted from the system. Secondly, this property could be attributed to the fact that perfekthion is non-persistent and easily hydrolyzed (Howard, 1991; Wauchope et al., 1992) . This non-persistent characteristic gives perfekthion and other organophosphates a better stand for usage than the organochlorines and inorganic pesticides that have high cumulative tendencies (Odiete, 1999; Atuma, et al., 1985) . Rates of 11 -121ppm of arsenical inorganic pesticide (Alhifi, 2006) and factors of 41 -1298 of aroclor organochloride pesticide (Neff and Gaim, 1977) have been reported both in animal tissues and sediments. The moderate toxicity of dimethoate (Perfekthion) has been established in the U. S EPA toxicity class II (EXTONET, 1996) and Du Bois and Geiling (1959) Dikshith and Raizada (1981) and Dikshith (1986) reported 47mg/l (96-h) for the same specie and Verma et al. (1978) reported a TL m of 4.5mg/l for Channa gachua. Zebra fish exposed to dimethoate (Cygon) gave a TL m (72-h) of 259mg/l (Roales and Permutter, 1974) . Richgrow (2005) documented 40-60mg/l in a 96-h exposure for mosquito fish to rogor-dimethoate. Conversely, Annune and Ajike, (1999) reported a very low LC 50 of 0.018mg/l for O. niloticus juveniles exposed to dimethoate (Regor). The mortalities observed in this study could be attributed to respiratory stress and asphyxiation as the gills were badly damaged and eroded. Gill hemorrhages were observed at death. The gill tissues (epithelia and filaments) were ruptured, lifted and eroded. This could be the reason why the fish died with mouths open as they gasped for air due to gas exchange failure at the gill surfaces. This was confirmed by, Pascoe and Mattey (1977) after a work on cadmium toxicity effect on stickleback (Gasterosteus aculeatus L.). The result showed that at 100mg/l, death occurred presumably by the direct gill damage and Okoli- Anunobi et al. (2002) reported cases of ruptured and hemorrhaged gills and opercula flaps in O. niloticus exposed to detergent. They concluded that it resulted in severe respiratory stress and asphyxiation. Several other authors worked with various types of toxicants and concluded that the gill is a good pollution indicator parameter in environmental toxicity monitoring. The histological examination of the gills of O niloticus exposed to cassava effluent revealed oedema and telangiectasis of the gill lamellae and gill hyperplasia at 0.46mg/l (Wade et al; 2002) as well as O. niloticus exposed to actellic 25 EC (Omoregie and ufodike, 1999) . Aguigwo (2002) reported respiratory distress and death of all fish exposed to 4 and 5mg/l concentration of cymbus pesticide. Same was reported by Tortorelli et al. (1990) for catfish fry (Plecostomus commersoni) exposed to Paraquat herbicide. Several other authors reported gill epithelial cell damage in paraquat exposed fish (Tortorelli et al., 1990) , lamellar disarray and epithelial swelling in brown trout exposed to lindane (Drewett and Abel, 1983) . Also, necrotic damage in gill epithelium in common carp exposed to copper sulphate pesticide (Asztalos and Newcsok, 1985) , gill haemorrhage and accumulated mucus on O. niloticus gill exposed to rogor (Annune and Ajike, 1999) and gill filament erosion and loss of cell membrane of Channa gachua, exposed at 6.2mg/l of dimethoate (Dalela et al., 1979 
